Background/Aims: Pathological diagnosis of biliary strictures with atypical or suspicious cells on endoscopic retrograde brush cytology and indeterminate strictures on imaging is challenging. The aim of this study was to identify markers for malignant strictures in such cases. 
IntRoduCtIon
Biliary strictures are byproducts of benign and malignant diseases involving the biliary tree, pancreas, gallbladder, or ampulla. [1] [2] [3] [4] Accurate pathological diagnosis of biliary strictures remains clinically challenging, but is essential for choosing the correct treatment. 4, 5 As an alternative to biopsy, which is hampered by the limited accessibility of the strictures and prone to complications such as tumor seeding, brush cytology is a simple and safe means of sampling biliary strictures. 1,2 Brush cytology is widely available; it is performed during endoscopic retrograde cholangiopancreatography (ERCP), and the diagnostic specificity of endoscopic retrograde brush cytology (ERBC) is 100% or near 100%. 5 However, its sensitivity is relatively low and variable, ranging from 18% to 80%. [1] [2] [3] [4] [5] [6] [7] This may reflect the inherent properties of the tumor (its submucosal location, often fibrotic content, and inability to invade the ductal epithelium) and the extrinsic compressions leading to the stricture, which are not sampled by the brush. 5 Hence, the results may be ambiguous, which confounds the treatment and management of the stricture. Brush cytology samples are classified into four categories based on the type of cells comprising the stricture: benign, atypical, suspicious for malignancy, and malignant. Strictures with malignant cells are usually considered malignant and are treated as such. 5 Those with atypical or suspicious cells may or may not be malignant; hence, their management is difficult and confusing, especially when biliary strictures are also indeterminate on imaging tests. 5 The objective of this study was to identify the factors associated with malignant biliary strictures in patients with atypical or suspicious cells on ERBC and indeterminate biliary strictures on imaging.
MAtERIAlS And MEthodS

Patients
Data were collected by retrospectively reviewing the medical records of 146 consecutive patients with indeterminate biliary strictures on imaging who underwent brush cytology at the Sanggye Paik Hospital from March 2007 to December 2013. An indeterminate biliary stricture was defined as follows: (1) no identifiable mass on computed tomography (CT), transabdominal ultrasound, endoscopic ultrasound (EUS), or magnetic resonance imaging (MRI); (2) no distant metastasis on CT, transabdominal ultrasound, or MRI; and (3) no recent history (<3 months) of traumatic or iatrogenic bile duct injury. A biliary stricture was diagnosed as malignant if indicated by the pathology of a biopsy or surgical specimen or the imaging findings during the follow-up period. A stricture was diagnosed as benign if indicated by the tissue sampling results and if there was no evidence of a tumor mass during a follow-up period of at least 2 years. In patients with multiple brush samples, only the samples obtained at the initial ERCP were evaluated.
Data were collected from the electronic medical records using a standardized data collection form. The final diagnosis of the disease that caused the biliary stricture was based on the integration of pathologic and cytologic results of an additional endoscopic biopsy, a fine-needle aspiration (FNA) sample, or a surgical sample during the follow up. This study was approved by the Inje University Sanggye Paik Hospital Institutional Review Board (SGPAIK 2015-12-014).
Brush sampling procedure and interpretation of the results
The cytology samples were collected by using a Microvasive Rapid Exchange cytology brush (Boston Scientific, Natick, MA, USA) with a standard 0.035-inch guidewire. The brush sampling procedure at our institution is standardized, with brushings obtained prior to biliary dilation or biopsy. The brush was inserted into the duct of interest over the guidewire and positioned just distal to the stricture. It was then advanced from the sheath to a point proximal to the stricture and moved across the stricture in a to-and-fro manner 20 times. Lastly, it was withdrawn into the sheath and, along with the guidewire, removed from the endoscope. The brush segment of the brushing device was cut from the supporting wire, placed in ThinPrep CytoLyt solution (Cytyc Corp, Marlborough, MA, USA), and transported to the cytology laboratory.
To obtain the final cytological diagnosis, smears and precipitates from perfused saline were fixed in 95% ethanol and stained by using Papanicolaou's method. Samples were classified as follows: no abnormal cells (benign), atypical cells, suspicious cells, or malignant cells. Patients with atypical or suspicious cells were included in our study.
Study variables and definitions
The factors studied included age; sex; smoking status; alcohol intake; body mass index; length and location of the stricture; diameter of the upstream dilated bile duct; weight loss at the time of brushing; final diagnosis and type of cancer in cases of malignancy; presence of diabetes; presence of clinical jaundice; and presence of acute cholangitis, a gallbladder stone, or a bile duct stone on CT or transabdominal ultrasound. Jaundice was defined as a serum bilirubin level >2.0 mg/dL. Weight loss was defined as a ≥10% decrease in usual body weight during the 6 months prior to brushing. Alcohol intake was defined as consumption of >1 drink (>13 g) per day for at least 1 year. Laboratory parameters included serum bilirubin, aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase (ALP), gamma-glutamyl transpeptidase (rGT), carcinoembryonic antigen (CEA), and carbohydrate antigen 19-9 (CA19-9) levels.
Statistical analysis
Categorical variables were analyzed by using the chi-square test or Fisher's exact test. Continuous variables, presented as mean±standard deviation, were analyzed by using the Mann-Whitney test. Variables in patients with malignant versus benign biliary strictures were compared via univariate analysis; this comparison was limited to patients with atypical or suspicious cells on brush cytology. Variables deemed significant in the univariate analysis were evaluated via multivariate logistic regression analysis to identify those independently associated with malignant strictures. The 95% confidence intervals (CIs) for sensitivity, specificity, positive and negative predictive values, and false negative and false positive rates were calculated. The optimal cut-off values of meaningful factors associated with malignant biliary stricture were computed by using the trade-off between sensitivity and specificity on the receiver-operating characteristic (ROC) curves, and the accuracy of prediction of the malignant stricture was estimated using the area under the receiver-operating curve. A p-value of <0.05 was the significance threshold for all tests. All statistical analyses were performed by using SPSS software, version 24.0 (SPSS Inc., Chicago, IL, USA).
RESultS overall data
A total of 146 patients with indeterminate biliary strictures and ERBC samples were included in our study, 67 with malignant disease and 79 with benign disease. The basal characteristics of all enrolled patients are shown in Table 1 . Cholangiocarcinoma (48 patients) was the most common cancer type in patients with malignant disease, followed by gallbladder cancer (six patients), pancreatic cancer (five patients), ampulla of Vater cancer (five patients), and other types (three patients). The cancer type did not significantly affect the brush cytology results. Thirty-six (53.7%) patients with malignant disease had atypical or suspicious cells on ERBC, 12 (17.9%) had malignant cells, and 19 (28.3%) had no abnormal cells. In contrast, only 29 (19.0%) patients with benign disease had atypical or suspicious cells and none had malignant cells ( Table 2 ). The specimen of all patients were sufficient to be tested.
Overall, the sensitivity, specificity, positive predictive value, and negative predictive value of brush cytology for diagnosis of biliary strictures were 71.6% (95% CI, 59.1-81.6), 63.3% (95% CI, 51.6-73.6), 62.3% (95% CI, 51.1-72.3), and 72.5% (95% CI, 60.5-81.6), respectively. The false positive rate was 37.7% (95% CI, 27.1-49.4), and the false negative rate was 27.5% (95% CI, 17.8-39.8).
univariate analysis
Patients who with atypical or suspicious cells on brush cytology were divided into two groups: those with malignant strictures and those with benign strictures. Several variables were compared between the two groups via univariate analysis during the follow-up period ( Table 3 ). Variables that differed significantly between the groups were presence of a gallbladder stone, presence of a bile duct stone, stricture length, and levels of ALP, total bilirubin, rGT, CEA, and CA19-9.
Multivariate logistic regression analysis
On multivariate logistic regression analysis, the independent predictors of a malignant stricture were as follows: elevated CA19-9 level (odds ratio Table 4 ). The ROCs for the independent predictors of malignant stricture (CA19-9, CEA, ALP, rGT, and length of stricture) are shown in Fig. 1 . On the basis of the highest sensitivity and specificity values generated from the ROC, we generated the optimal cut-off values of each factors for pre- Most biliary strictures can be identified via imaging modalities such as CT, ultrasound, and MRI, with additional information provided by EUS for less prominent strictures.
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However, strictures are difficult to diagnose if there is no definite causative lesion such as a mass, a stone, or inflammation. 5 Brush cytology during ERCP is an established technique for evaluating biliary strictures. 3, 8, 15 It has a relatively high specificity but a low and broad-range sensitivity. 5 In particular, because of desmoplastic reactions or fibrosis, which are common in pancreatobiliary malignancies, it is unclear whether strictures with atypical or suspicious cells on brush cytology are malignant. 5 identification of the factors associated with malignant strictures would facilitate diagnosis and allow us to follow patients at high risk. In the study by Navaneethan et al., the presence of clinical jaundice, current alcohol consumption, and an elevated CA19-9 level (>33 U/mL) at the time of ERBC independently predicted an increased risk of cancer during the follow-up period in patients with atypical cells. 5 According to our data, the diagnostic sensitivity of brush cytology in the 146 patients enrolled in this study was 71.6%, which is similar to previously published values (18% to 80%), whereas the specificity was lower than in other studies (63.3% versus nearly 100%). The difference in the sensitivity values may reflect the inclusion of patients with atypical or suspi- cious cells as well as malignant cells in our study. Factors that differed significantly in patients with malignant versus benign biliary strictures in our univariate analysis were presence of a gallbladder stone, presence of a bile duct stone, a long stricture, and elevated ALP, total bilirubin, rGT, CEA, and CA19-9 levels. Among these, stricture length was the strongest independent predictor of malignancy in our multivariate analysis (OR, 5.3; 95% CI, 1.8-15.3; p=0.002). According to Park et al., extrahepatic cholangiocarcinomas have an infiltrative growth pattern, and thus it is necessary to distinguish them from benign strictures. 13 Factors facilitating differentiation include the margin (irregular or smooth), symmetry (symmetric or asymmetric), and shape (abrupt or gradual narrowing). 13 Notably, Park et al. found that the malignant and benign strictures differed significantly in length. 13 Elevated levels of CA19-9, CEA, ALP, and rGT were also independently associated with malignant strictures in our multivariate analysis. CA19-9 is a well-known, helpful biomarker for pancreatobiliary cancer and its prognosis. [17] [18] [19] However, CA19-9 levels may stay normal in early or localized cancers and increased in benign diseases such as cholangitis and choledocholithiasis. 17, 19 CEA is a well-establisheed biomarker for gastrointestinal tract and pulmonary cancer, as well as a prognostic factor for cholangiocarcinoma. 18 As reported by Li et al., co-detection of CEA and alpha-fetoprotein or CA 125 is more diagnostically accurate than detection of CA19-9 alone. 18 ALP resides in hepatic sinusoidal and biliary canalicular membranes and is overexpressed in cholestatic diseases. 20 Several studies have shown that patients with malignant strictures or cholangiocarcinomas have higher levels of ALP than those with benign biliary diseases such as gallstones. 20 This finding dovetails with our results identifying ALP as a diagnostic marker for malignant biliary strictures. As an explanation for the association between ALP levels and malignant strictures, we note that biliary duct obstructions due to malignant strictures tend to be more complete and prolonged than those due to benign causes, such as biliary stones (in which the size of the obstructions fluctuates owing to the movement of the stone). 21 rGT is normally present in the membranes of liver, bile duct, lung, pancreas, brain, gallbladder, and kidney tissues and heart muscles. 22 Why rGT levels are increased in malignant strictures is not known; however, we suggest the progressive and chronic changes associated with cancerogenesis result in severe biliary dysfunction. 22 We also identified gallbladder stones (OR, 0.1; 95% CI, 0.0-0.5; p=0.002) and bile duct stones (OR, 0.1; 95% CI, 0.0-0.2; p=0.000) as negative predictive factors for malignant biliary strictures. Owing to inflammation, a stricture is more likely to be benign when a stone is present.
Our study has two limitations: its retrospective design and its small number of patients. Patient number was limited by the performance of the study at a single center and the exclusion of patients who died from other causes during the study period or who were followed up at other hospitals. Despite these limitations, our study is valuable because it is one of only a few previous studies on indeterminate biliary strictures on imaging and atypical or suspicious cells on brush cytology.
The appropriate management and follow-up strategies for patients with atypical or suspicious cells on brush cytology and indeterminate biliary strictures on imaging have not yet been determined. Identification of markers for malignant biliary strictures will facilitate diagnoses in these patients, hence ensuring proper management and eliminating unnecessary and sometimes costly follow-up procedures.
